Background: Aronia berries have many potential effects on health, including an antioxidant
RNA isolation and library preparation for RNA sequence analysis: Total RNAs were extracted from tissues using an RNeasy Mini Kit. The quality and quantity of total RNA samples were assessed using a NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington) and 2100 Bioanalyzer (Agilent Technologies, Tokyo, Japan). cDNA libraries were prepared according to Illumina protocols and sequenced using an Illumina HiSeq2500 to perform 100 paired-end sequencing. RNA-sequence reads mapping was performed using a DNA nexus. Gene expression analysis was performed using Gene spring software (Agilent Technologies, Tokyo, Japan).
Reverse transcription-quantitative polymerase chain reaction: Total RNAs were prepared from livers from mice using an RNeasy mini kit. Reverse transcription was carried out in a mixture containing 500 ng of total RNAs and specific primers under the conditions of 95°C for 30 sec, 40 cycles of 95°C for 10 sec, and 60°C for 30 sec by using an SYBR Premix Ex Taq II (Takara) and a real-time PCR system (MiniOpticon, Bio-Rad, Hercules, CA). β-actin (ACTB) mRNA was also amplified as an internal control. Nucleotide sequences of oligonucleotides used for primers of real-time PCR are shown Table 1 . Beneficial effects of aronia berries on liver fibrosis: To examine the effect of aronia berries on liver fibrosis, livers from mice were embedded in paraffin and then paraffin sections were stained with hematoxylin-eosin and Sirius Red. As shown in Fig. 2D , mild fibrosis was observed in livers from mice fed a high-fat diet, and this phenomena was reduced after administration of aronia berries to mice in the HFD group (Fig. 2F) . 
Gene expression analysis:
To examine changes in expression levels of genes in mice fed high-fat diets with and without aronia berries, RNA sequence analysis was carried out using RNA extracted from livers of mice and an Illumina High-seq 2500 sequencer. Genes in mice in the Aronia group that showed a more than 2-fold change in expression levels compared to those in the control group are shown in High-fat diet and high-fat diet containing 10% freeze-dried aronia berries were administered orally to mice in the HFD and Aronia groups, respectively. After 28 days, tissues and serum were obtained and used for biochemical analyses. A. Body weight, liver weight and total lipid, B.
levels of triglycerides, total cholesterol and LDL-cholesterol in the liver, C. serum levels of triglycerides, total cholesterol and LDL-cholesterol. *p<0.05, **p<0.01, n.s.: not significant.n=5.
Expression levels of four up-regulated and two down-regulated genes in mouse livers: Of genes in aronia berry-administered mice for which expression levels were changed by more than 3 fold compared to those in mice fed a high-fat diet, Saa2, Gadd45g, Igfbp1, Arl4d, Serpina4-ps1
and Arrdc3 genes were identified by RNA sequence analysis ( Table 2 ). For validation, mRNA expression levels of these genes were analyzed by real-time PCR. As shown in Fig. 3 , Gadd45g and Igfbp1 mRNA levels in the Aronia group were recovered to levels in the control group. Saa2, Arl4d, Serpina4-ps1 and Arrdc3 mRNA levels in the Aronia group were not recovered to levels in the control group. 
Expression levels of FABP1 and FABP4 in serum:
To examine expression levels of FABP1
and FABP4 in serum of mice, enzyme-linked immunoassays using specific antibodies were carried out. As shown in Fig. 4 , the levels of FABP1 and FABP4 in the Aronia group were decreased by 29% and 66% of those in the control group, respectively. 
DISCUSSION:
A previous human study showed that aronia juice may be useful for treatment for obesity disorders [6] . However, the mechanisms underlying its effect are not fully understood. In this study, we found that the weight of total lipid in the liver and levels of LDL cholesterol and triglycerides in the liver and serum from mice that had been fed a high-fat diet recovered to control levels after administration of aronia berries to mice. The results of recovery of LDL cholesterol and triglyceride levels in the liver and serum to control levels in the Aronia group are consistent with results of previous human studies [5, 6] . Gene expression analysis revealed twelve up-regulated and seven down-regulated genes for which expression levels in the Aronia group were more than 2-fold higher and lower than those in the HFD group. Furthermore, we found that decreased mRNA expression levels of Gadd45g and Igfbp1 in livers were recovered in the Aronia group. Gadd45g is a stress response gene against stress signals such as signals toward inflammatory and pro-apototic cytokines, mitogenic stimuli and xenobiotics [8] .
Downregulation of the Gadd45g gene is mediated mainly by promoter methylation [9] [10] [11] .
Functions of GADD45G are tumor suppression [11, 12] and inhibition of cell proliferation though cell cycle arrest at the G1/S or G2/M phase [13] . IGFBP1 inhibits insulin-like growth factor (IGF)-stimulated proliferation and stimulates differentiation of preadipocytes into mature adipocytes, and it inhibits glucose uptake and IGF-inhibited lipolysis in mature adipocytes [14] .
IGFBP1 levels are also decreased in obese postmenopausal women with hyperinsulinemia and are correlated with insulin sensitivity. A low serum IGFBP1 level is known to be associated with a number of cardiovascular risk factors [15] . These previous findings and findings in this study suggest that aronia berries include a compound(s) that regulates the gene expression of Gadd45g
and Igfbp1 and that levels of liver fibrosis, liver total lipid, triglycerides and LDL-cholesterol were recovered to control levels through functions of these genes. Gene expression of Gadd45g is regulated by Oct and NF-Y elements [16] . Gene expression of IGFBP1 is regulated by insulin-responsive element (IRE) [17] and that of Igfbp1 is regulated by glucocorticoid-responsive element (GRE) [18] . A functional compound(s) in aronia berries may bind to these elements binding proteins and regulate gene expression of Gadd45g and Igfbp1.
Furthermore, we found that serum levels of FABP1 and FABP4 were reduced in the Aronia group. The serum level of FABP1 has been reported to be a biomarker for fatty liver disease [19] , and the serum level of FABP4 is positively correlated with markers of metabolic syndrome and vascular diseases [20] . These results suggest that the beneficial effect of aronia berries on liver fibrosis is elicited by a compound(s), resulting in reduction of serum FABP1 and FABP4 levels.
Thus, the model of recovery from liver fibrosis by these genes is as follows: The expression levels of Igfbp1 and Gadd45g mRNAs are increased, and then increased IGFBP1 accelerates the inhibition of proliferation and stimulates differentiation of preadipocytes to mature adipocytes and promotes lipolysis. Increased Gadd45g also accelerates the inhibition of proliferation and suppresses liver inflammation and tumor growth, resulting in reduction of liver fibrosis.
CONCLUSION:
Aronia berries have a beneficial effect on liver fibrosis. The recovery from liver fibrosis is associated with expression levels of Gadd45g and Igfbp1 in the liver. The beneficial effects of aronia berries on liver fibrosis reduce the risk of liver cancer diseases and insulin resistance, resulting in reduction of serum FABP1 and FABP4 levels. Further study is needed to identify the compound(s) in aronia berries that is effective against liver fibrosis through regulation of Gadd45g and Igfbp1 expression.
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